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3,257,780 

ZERO GRAVITY SEPARATOR 
James E. Webb, Administralor of 1 he National Aeronau- 
tics and Space Administration with respect to an iiiveh- ^ 

tidn of Alexander D. Rosin and A. Milford Pope 
Filed Ocf. IS, 1963, Ser. No. 317,391 
14 Claims. (Cl, 55—160) 

The present invention relates Generally to apparatus for 
separating mixtures of gases and iinuids from each other, 10 
and is rnore particularly directed to apparatus for separat- 
ing gas from a liquid in which the gas is suspended under 
zero gravity conditions, and thereafter venting the gas 
while retaining the liquid. 

In various applications it is necessary to separate mix- 15 
tures of gases and liquids. For example, it is frequently 
desirable to separate liquid petroleum from gas products 
suspended therein or to separate the constituents of a fluid 
in a double-phase condition, i.e., gases entrained in a 
liquid. The latter application of liquid and gas separation 20 
has recently become of particular importance in the con- 
duct of various space missions. Mure pa.^icularly, under 
conditions of weightlessness, or zero gravity, as experi- 
enced by space vehicles during various missions, cryogenic 
materials, such as liquid hydrogen contained in the fuel 25 
lank of the vehicle, absorb heat energy through radiation 
from the earth and sun, and this influx of heal energy 
raises the temperature of the cryogenic material suffl- 
ciently to cause boil-off. Due to the weightlessness, the 
gas generated due to boil-off remains suspended in the 30 
liquid and, accordingly, a double-phase fluid is contained 
within the tank. Inasmuch as the gas generated from 
boil-off results in increased tank pressure, it is necessary 
to vent the tank pressure to a safe minimum. In order 
to vent the lank pressure without venting liquid, it is, of 35 
course, necessary to separate the gas from the liquid and 
vent the gas v/hile returning the liquid to the tank. 

It is, therefore, an object of the present invention to 
provide a gas-liquid separator having particular applica- 
tion in the venting of pressure of a space vehicle fuel 
tank containing cryogenic material which exists as a 
double-phase fluid under zero gravity conditions. 

Another object of the iiivention is to provide gas-liquid 
separation and gas venting apparatus for employment in 
a region containing double-phase fluid, which apparatus 
is so arranged that the gas, prior to being vented, extracts 
heat from the liquid returned to the containment region 
to reduce the tendency of the liquid to convert to the 
double-phase condition. rn 

Still another object of the invention is the provision of 
separation and venting apparatus of the class described 
which is operable in response to pressures in the region 
containing the double-phase fluid in excess of a predeter- 
mined safe minimum pressure, while being inoperable in 
response to pressures in the region less than the pre- 
determined minimum. 

It is yet another object of the invention to provide ap- 
paratus of the class described which includes control 
means for selectively activating or ihacLivaling the appa- 
ratus such that the apparatus may be normally main- 
tained in an inactive state while being activated for pres- 
sure responsive operation only when certain external con- 
ditions prevail, such as when a space vehicle is in a par- 
ticular attitude. 

Another object of the invention is to provide liqiiid-gas 
separating and gas venting apparatus wherein moving 
parts are cooled by the separated gas prior to venting 
thereof^ 

It is a further object of (he invention to provide separa- 
tor apparatus of the class described which may be readily 
arranged to have a minimum of angular momentum dur- 
ing its operation. 
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A still further object of the invention is to provide zero 
gravity liquid-gas separating and gas venting apparatus 
which requires substantially no external power in its 
operation. 

Additional objects and advantages of the invention will 
become apparent upon consideration of the following de*'- 
scription taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE 1 is a schematic illustration of a space ve- 
hicle fuel tank equipped with liquid-gas separating and 
gas venting apparatus in accordance with the present in- 
vention in the upper regions thereof, cryogenic material 
contained within the tank being depicted as traveling up- 
wardly into the region of the separator under zero gravity 
condition; 

FIGURE 2 is a schematic illustration of one form of 
the invention; 

FIGURES 3-5, inclusive, are schematic illustrations 
of a valve arrangement employed in the ombodiment of 
FIGURE 2 under varied operating conditions; 

FIGURE 6 is a fragmentary sectional view taken at 
line 6 — 6 of FIGURE 2, illustrating the vane arrange- 
ment of a heat exchanger of the apparatus; 

FIGURE 7 is a schematic illustration of a modified 
form of the invention; 

FIGURE 8 is a sectional view taken at line 8—8 of 
FIGURE 7, illustrating particularly the beat exchanger 
of the modified apparatus; 

FIGURE 9 is a schematic illustration of the apparatus 
of FIGURE 7 as rotated 90®; 

FIGURES 10 and 11 are similar fragmentary viev/s on 
an enlarged scale schematically illustrating a control valve 
of the apparatus illustrated in FIGURES 7-9 under varied 
operating conditions; and 

FIGURES 12 and 13 are similar fragmentary" views on 
an enlarged scale schematically illustrating a pilot valve 
of the apparatus of FIGURES 7-9 in varied conditions 
of operation. - 

Referring now to FIGURE 1 of the tirawing, the in- 
vention will be seen- to be illustrated with respect to a 
space vehicle fuel lank II containing a cry^oeenic mate- 
rial, such as liquid hydrogen, as generally indicated at 
.12. It is assumed that boil-off of the crj'ogenic material 
has occurred such that gas also exists within the tank 11 . 
Moreover, the tank is subjected to zero gravity condi- 
tions such that the material exhibits weightlessness and 
travels upwardly in the fuel tank. As a result, the gas 
generated by boil-off is entrained in the liquid and, ac- 
cordingly, provides a double-phase fluid, as indicated at 
13, in the upper regions of the tank. In order to accom- 
plish separation of the gas from the liquid and to vent the 
gas from the tank without venlin.g liquid so as to maintain 
the tank pressure at a safe nunimum, gas-liquid separat- 
ing and gas venting apparatus 24, in accordance with the 
present invention, is located in the upper regions of the 
fuel tank 11. In this regard, the apparatus 14 may be 
advantageously associated with or attached to the fuel 
lank manhole or cover plate 16, so as to be suspended 
therefrom into the upper regions of the tank. The double- 
phase fluid 13 thus enters the apparatus 14 and, by means 
outlined hereinafter, is separated into liquid and gas, the 
liquid being returned to the tank, while the gas is vented 
therefrom. Although the apparatus of the invention is 
particularly described with reference to space vehicle fuel 
tanks under zero gravity conditions, it will become ap- 
parent that the apparatus may be advantageous employed 
in a comparable manner in various other equivalent 
environments. 

Considering now the apparatus 14, mentioned above 
with respect to FIGURE 1, as to its basic aspects with 
reference to the several forms thereof illustrated particu- 
larly in FIGURES 2 and 7, respectively, it will be noted 
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that the apparatus Includes separator means which are 
adapted for coramimicalibn with a region containing a 
;gas and liquid mixture, for example; the upper portions 
of the fuel tank 11 under conditions of zero gravity, . The 
separator means includes a member which is mounted for 5 
driven movement and is positioned to intercept the liquid- 
gas mixture. This member in its movement propels the 
liquid of the mixture through liquid flow passages of a 
heat exchanger disposed adjacent the separator rnenibef. 
Hie separator member is further arranged to chaxinel the iq 
gas of the mixture to an expansion motor, such as a tur- 
bine, which is coupled in driving relation to the separator 
member to effect the movement thereof. The gas ex- 
pands In motivating the expansion motor and is conse- 
quently cooled to a considerable extent. Tfie apparatus 15 
further includes means for receiving the expanded gas 
from the. expansion motor and conveying same to gas 
passages of the heat exchanger which are in heat exchange 
relation wdth the liquid passages thereof. During the flow 
of gas through the gas passages of the heat e^eh anger, the 20 
liquid is hence thereby cooled in passing through the 
liquid passages for return to the tank, or other region 
containing the double-phase fluid. A vent is provided 
which is adapted for disposition exteriorly of the region 
containing the gas and liquid mixture. For example, the 25 
vent may extend through the cover plate 16 of the fuel 
tank 1!. The gas passages of the heat exchanger are 
communicated with the vent, and subsequent to passage 
of the gas through the heat exchanger, the gas is ported 
through the vent exteriorly of the region containing the 
gas and liquid mixture. It will be appreciated that aside 
from accomplishing venting of the pressure of a region 
containing a g;is and liquid mixture to a safe minimum 
while retaining the liquid in the region, the apparatus 
provides the added advantage of cooling the liquid to re- 
duce the tendency thereof to convert to the double-phase 
condition. The apparatus may also be advantageously 
provided with pressure sensitive relief valve means in the 
flow path from the separator member to the expansion 
motor to control the flow of gas thereto in response to 
the absolute pressure existing in the lank 11, or other 
containment region. More particularly, the valve means 
may be arranged to prevent ccmrminicatioa with the ex^ 
pansion motor responsive to tank pressures less than a 
predetermined minimum safe level, and to establish com- 45 
munication to the expansion motor in response to pres- 
sures equal to or greater than the predetermined mini- 
mum safe level- The valve means thus is operable to 
activate the separator and venting apparatus w^hen the 
tank pressure becomes excessive to thereby relieve the 50 
pressure, while inactivating the apparatus when the tank 
pressure is tolerable. The valve means may further ad- 
vantageously include control valve means for selectively 
switching the apparatus between an acti\^ state of pres- 
sure responsive operation, and an inactive state wherein 
the apparatus is inoperable Irrespective of the pressure 
existing in the tank. The control valve means may be ar- 
ranged, for example, to activate the apparatus for pres- 
sure sensitive operation only when the space vehicle is In 
a particular attitude, or when certain other predetermined 
conditions exist; 

Considexlog. now the .separa:tor and. veriti.ng apparatus 
generally outlined above in greater detail as to a particular 
embodiment thereof and referring to .FIGURE .2, there 
will be seen to' be provided a double-ended armegement 
wherein components of the* opposite ends thereof counter- ^ 
rotatae in- order to reduce angular momentum of the over- 
all apparatus Id negligible leVel. Inasmuch as ^ both 
ends of toe double-ended arrangement are identical, only 
one end is hereafter described in detaH wiLh the like ^ 
components of the other end being identifled by like 
printed reference numerals. More particolarly, the left 
end, as viewed m FIGURE 2, of ihe double-ended sepa- 
rator and venting apparatus includes a circular separa- 75 
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tor disc 17, w^hidi serves as the separating member of 
previous mentioo, and is concenfrically disposed withlti 
an annular heat exchanger Ifl. More paTticularly, the 
disc 17 is coaxially secured to a shaft 19 which is jour- 
naled for rDtalion between an end of the heat exchanger 
and a turbine housing 21 coaxially aligned with the heat 
exchanger. In this regard, a journal bearing 22 may be 
supported centrally of the annular heat exchanger IS, as 
by means of a spider, or the like (not shown), to pro- 
vide an end mounting for the shaft while yet enabling 
fluid to enter the central opening of the heat exchanger 
for separating.action by the disc 17. More particularly, 
the iisc 17 is provided with a pluralify of radially ex- 
tending gas inlets 23 in terminal communication with a 
gas flow passage 24 which extends longitudinally through 
the shaft 19. Thus, gas entering the central openings of 
the heat exchanger IS from a region containing a mix- 
ture of gas and liquid flows into the gas In lets 23 of the 
disc 17 to the iongitudinal flow path 24 of the shaft 19. 
When the disc is rotating, liquid entering the central open- 
ing of the heat exchanger 18 strikes the rotating disc 
and is thrown or propelled radially outward to the sur- 
rounding heat exchanger.. As shown in FIGURE 6, the 
heat exchanger includes a plurality of circumferentially 
spaced radial vanes 26 defining a pi uralily of radial liquid 
passages 27 through the heat exchanger. Liquid pro- 
pelled outwardly by the rotating .disc consequently passes 
through the passages 27 and is returned to the tank or 
other region containing the gas and liquid mixture. It 
will be thus appreciated that the separator disc 17 in Its 
rotation is operable to separate the gas from the liquid of 
the mixture and to direct the liquid through . the heat ex- * 
changer 18 with benefeial results subsequently described, 
herein. 

The turbine bousing 21 is provided with a central 
chamber 28 centrally of which a hearing 29 is mounted 
to journal the corresponding end of shaft 19. A turbine 
31 disposed in the chamber 28 is coaxially secured to the 
shaft 19 so as to be rotatable thercAvith, and it will be thus 
appreciated that the turbine comprises the expansion mo- 
tor means of the separator and gas venting apparatus. 
In order to convey the separated gas from the flow pas- 
sage 24 of the shaft 19 into motivating relation to the 
turbine 31, the housing 21 is provided with a radial flow 
passage 32 w hich is in sealed relation to the shaft 19 while 
perniitting rotation thereof and communicates with radial 
outlets 33 which extend from the flow passage 24, The 
passage 32 is communicated with the chamber 28, pref- 
erably through a relief valve 34 which is subsequently 
described in detail herein and which is secured to the 
turbine housing 21. Gas delivered from the valve 34 is 
preferably fed to a nozzle box 36, or the like, disposed 
in the housing 28 in a position to direct the gas upon 
the vanes of the turbine 31, in driving relation thereto. 
Thus, with flow established through the relief valve from 
the flow passage 24 of the shaft 19, the gas drives the 
turbine 31, which in turn drives the shaft 19 and sepa- 
rator disc 17 secured thereto. Similarly, gas entering 
the other end of the apparatus is directed through the 
gas inlets 23' of the separator disc 17' to the longitudi- 
nal flow passage 24' of Shaft 19', and is channeled tlTrough 
mllef valw 34' to. the nozzle box 36',' which is located 
m the chaorber 28' 00. the opposite side : thereof from 
nozzle box M at a position. dia.metrically opposed thereto. 
The gas directed from the. nozzle box -Si-' upon the vanes ^ 
of the turbine 31' effects jotation Ihereof, w,hich in tiira . 
rotates the shaft 19' -afid the separafor disc 17' connected ' 
thereto. The vanes of turbine 31' are oppositely pitched 
from the vanes' of turbine 31. ^ such that the gas ftreams * 
direcled from nozzle boxes 36 and 36' cause the tur- 
bines, to rotate in mutually opposite directions. Hie gas ’; 
directed from the nozzle boxes expands and Is cooled to 
some extent in driving the respective turbines but still 
retains a signifleant quantity of energy. 
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In order that the residiial energ>' of the gas streams sub- disposed In the tiir'bme cha-mber 28. The outlet ports 
sequent to driving the turbines 31 and SI* be cITectively S2 and £2' Vespeetively incjiide- seats 53 and S3'- whicli 
utilized and the gas be further expanded and cooled, are engagcable by plug members 54 and 54' carried by 
means are preferably provided tc chaDne.1 each of the gaS accordion members or bellows 56 and 56' respectively 

streams, subsequent to its driving one turbine, into mo- 0 mounted within the relief va1\*e chambers 49 and 49\ 
li voting relation with the other turbine sucti that the The bellows are expamively and contractively movable 

residual energy of the gas stream contributes to the ro- to respeclis^ely engage the pliig members 54 and. 54' with 

talion thereof. More pariicuiarly, orihees 37 and 37' are the seats 53 and 53', and to disengage the plug members 

advaniageously mounted with ,lhe chamber 28, as by therefrom, depending upon whether the pressure acting 

means of a spider 38, at a position longiludinany inter- jq at the exterior of the bellows is less than, or greater than 
mediate the turbines. 31 and 31'. The longitudinal pas- the pressure acting at the interior thereof. Thus, when 

sages of the orifices 37 and 37' are respectively aligned the pressure of g^s introduced to the relief valve cham- 

with the outlets of the nozzle boxes 36 and 36', Orifice befs 49 .and 49' through the inlet ports 51 and 51' ex- 
37 thus receives the gas directed from nozzle box 36 sub- ceeds the pressure acting interiorly of the. bellows 56 and 
sequent to its driving of the turbine 31 and channels the 15 56', the bellows contract to move the plug members 54 
gas into driving relation to turbine 31' to thus contribute and 54' out of engagement wjth the seats 53* and 53', 
to the rotation thereof in the opposite direction, the vanes thereby establishing fiow to the nozzle boxes 36 and 36'. 
of this turbine being oppositely pitched as previously As a result, the turbines 31 and 31' arc driven to, in tuni, 
noted. Similarly, the gas stream directed from nozzle drive the shaft and separator discs 17 and 17', i.e., the 
box 36' is reccis^ed by orifice 37' subsequent to its driving 20 apparatus is rendered operable to conduct its separating 
of the turbine 31', and is channeied through the orifice and gas venting functions. Conversely, when the gas 

into driving relation to the turbine 31 to contribute to pressure in tlte relief valve chambers 49 and 49' is less 

the rotation thereof. It should also be noted, as an im- than the pressure acting interiorly of the bellows 56 and 

portant adjunct of the invention, that gas flow^ passages 56', the latter expansively move the plug members 54 

39 and 39' are communicated with the orifices 37 and 37' 25 and 54' into sealed engagement with the seats 53 and 53'. 
and extend into the bearings 29 and 29'. Portions of the Gas flow to the nozzle boxes 36 and 36' for driving of 

gas streams flowing through the orifices are thus conveyed the turbines 31 and 31' is thus prevented and the appara- 

to the bearings to effect cooling thereof. tus is rendered inoperable. 

Subsequent to driving both turbines 31 and 3T, the gas Expansive and contractive movement of the relief valve 

streams directed from the nozzle boxes 36 and 36', as 30 bellows 56 and 56' is herein regulated by the control valve 
expanded and cooled to a considerable extent, are directed 47 which is arfanged to appropriately controii the pres- 
through the heat exchangers i$' and IS, respectively, to sures at the interiors of the bellows in accordance with 
effect cooling of the liquid propelled thereihrough. More the pressure existing in the tank, or other region contaln- 
particiilarly, channels 41 are provided longitudinally of i'ng the gas-liquid mixture. More particularly, the con- 
each heat exchanger to define gas fiow^ passages 42 longi- 35 troi valve. 47 includes -a valve body 57 having a pilot con- 
tudinally therethrough. Flow paths 43 and 43' co.m- irol port 58 communicated by flow paths 59 and 59' with 
municating with the chamber 28 at positions adjacent .the interiors of the relief valve bellows 56 and 56'. The 

turbine 31 and orifice 37' and ndjacenl turbine 3i' and control port 58 communicates with a pilot chamber 61 

orifice 37 then serve to ccn\cy the expanded cool gas provided in the control valve body 57 and this chamber 
to the gas fiow passages 42 of the respective heat ex- ^0 is communicated by means of a leak 62 with a control 
changers 18' and IS. Inasmuch as the gas is quite cool, pressure chamber 63. An accordion member 64 is 
substantial beat is extracted from the liquid propelled out- mounted *m the chamber 63 and a stem 66 extends there- 
wardiy through the liquid fiow passages 26 of the heat from imo the pilot chamber 61, a dynamic seal being 
exchangers for return to the tank 11, or equivaient region provided between the stem and chambers as by means of 
containing gas and liquid mixture. By virtue of the coolr it bellows 67. A valve member 68 is carried at the end 
ing of the liquid returned to the tank, the tendency of of the stem 66 in the pilot chamber 61 for engagement 
the liquid to convert to the double-phase condition is with a seat 69 therein defining the entrance to an outlet 
significantly reduced. passage 71 therefrom. In addition, an inlet port 72 com- 

In order that the gas fiovving through the heat ex- municates ua*ih the control pressufe chamber 63 which 
changers 18 and IS' may be ported exteriorly of the tank, is adapted for communicable cCnoectiOn with the tank or 
or other region containing gas and liquid mixture, an ' other region containing the gas and liquid mixture. Tbus, 
outlet vent 44 is disposed exteriorly of the region. The ihe lank pressure is transmitted to the control pressure 
gas passages of the heat exchangers are in. turn com- chamber S3 via the inlet port 72. Moreover, the ac- 
municated with the vent 44 by means including outlet cordion member 64 is so arranged that for tank pressures 
fiow paths 46 and 46' which communicate with the vent -5 ^ess than a predetermined minimum safe level, the ,ac- 
44, in the present instance through a control valve 47. cordion member is in expanded condition which 'main- 
The control valve is operatively associated with the relief tains the valve niembef 68 in sealed engagement with the 

valves 34 and 34' in such a manner that in an activating seat 69 to thus dose the outlet passage 71. When the 

state of the. control valve, gas fiow to the turbines 31 and t^nk pressure as transmitted by the inlet port 72 to the 

31', and, hence operation of the .over-all apparatus, is control pressure chamber 63 is equal to or exceeds the 

controlled by the pressure within the tank or other region predetermined safe minimum level the accordion member 
containing the gas and liquid mixture. The control valve contracts lo thereby disengage the valve member 68 

47 is further arranged' such that in an, -inactive state of the from the seat 69 and' open the outlet passage '71. It is 

valve,, the over-all apparatus is rendered, inoperable ir- ^ noted that the outlet passage 71 Is commueicated- 

res.pective of the pressure in the regioa of ilie with, lire y-ent 44,, -whiGb is, the- InstsBce o.f a space vcblc^.e.. 

naixture-. " : ’ undergoing a space mission 'is disposed, in a v-aciiiim., G,q^- 

Considerlng now the valving arrangement employed in ' other environmental conditions, the vent is otherw^ise 
the embo.^ment of FIGURE 2 m greater detail, It wili ■ ported to' .a region having relatively low ,pressure com- 
be noted iat the relief valves 34 and 34' respectively in- pared to that existing within the tank. Thus, when the 
elude valve bodies 48'and, 4S' havmg chambers 49 and .^0 valve member 68 is disengaged from the seat 69 under 
49' therein. ITie valve bodies further include inlet ports conditions of excessive pressure In the tank as transmitt^ 
51 and 51' which communicate the fiow passages 32 and to the control pressure chamber 63, the pilot chamber 6E 
32' vAth the chambers 49 and 491 Ip addition, outlet and therefore tlie interiors of the relief \^Ive bellows 56 
port^ 52 and 52' in the valve bodies communicate the and £6' commooicaled there w'ilh, are vented through the 
chambers 49 and 49' with the nozzle boxes 36 and 36' 70 outlet passage 71 and vent 44 to vacuum or other ex- 
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trcmcfy low prcs^itc. Thus-, the gas flowing into the re- FIGURE 3 wherein the solenoid actuated valve means Is 

life valve clumibcf s 49 and 49' is at a suhstamially greater in active v^enting position, but the pilot valve means is in 

pressure than the pressure existing inlcribrly of the beF closed inadivating positicm by virtue of the tank pres- 

low's. Accordingly, communication is established through sure sensed in the control pressure chamber 63 being non- 

thc relief valves 34 and 34' to il'.c hozxlc boxes 36 and 36' 6 excessive. As a result, the relief valves are responsively 
for driving the turbines. However, when the tank pres- closed, and gas flow lo'the turbines is prevented to.thei^- 

surc as transmitted to the control pressure chamber 63 by render the apparatus inactive. However, inasmuch 

is not excessive and the accordion member 64 engages the as the solenoid actuated valve means is in active venting 

valve member 68 with the scat 69 to dose the oiulel pas- position in this second condition, upon a buildup of tank 

sage 71, this tank pressure also exists within the pilot jq pressure to an excessive level, the valve reverts to the first 
chamber 61 by virtue of the leak 62 between the eoniro! condition and gas is ported to the vent 44. 

pressure' chamber and the pilot chamber. Thus, tank A third condition of the control valve is illustrated In 

pressure is at this time maintained within the interiors FIGURE 4 wherein the solenoid actuated valve means 

of the relief valve bellows 56 and 56' and this pressure has been actuated to inactive positiori w'hile the pilot 

is greater than the gas pressure acting within the relief 35 valve means is likewise in closed, apparatus inactivating 
valve chambers on the exteriors of the bellows. The plug position due to t& sensed tank pressure being nonex- 

members 54 and 54' are consequently engaged with seals cessive. 

53 and 53' to thus prevent the flow of gas to the turbine In the fourth condition of the valve, as illustrated in 

actuating nozzle boxes 36 and 36', thus rendering the over- FIGURE 5, the pilot valve means is in open apparatus 
all apparatus inoperable. 20 activating position due to an excessive tank pressure and 

To facilitate selective switching of the apparatus be- the relief valves are, accordingly, also opened. How- 

tween active pressure controlled, and Inactive stales, the ever, the solenoid actuated valve means is still in its in- 


conlrol valve 47 includes a solenoid actuated piston 73 
mounted for reciprocation within a cylinder bore 74 pro- 
vided in the Control valve body 57. A stem 76 projects 25 
co.axially from the piston 73 into an outlet chamber 77 
through a communicating passage 78 having walls out- 
wardly spaced from the stem. A seat 79 is provided in 
the ouljcl chamber 77 about the termination of the 
passage 78. A plug member 81 secured to the end of the 30 
stem 76 is engageabfe with the seal 79 in response to 
solenoid actuated movement of the piston 73, to the rl^at 
as viewed in FIGURE 2. An inlet passage 82 in com- 
munication with passage 78 is coupled to the outlet flow 
paths 46 and 46' from the heat exchangers IS and IS', 35 
while the outlet passage 71 from pilot chamber 61 and the 
vent 44 are both communicated with the outht chamber 
77. Solenoids 82 and 83 in association \viih the control 
valve body 57 are provided to effect moven'tent of the 
pifton 73 between aGiivating and inactivating positions 40 
wlierein the valve member 81 is respectively in engage- 
ment with, and disengaged from the seat 79, in respon-e 
to appropriate energization of the solenoids. When the 
solenoid actuated piston 73 is in its active position with 
the valve member 81 disengaged from the seat 79, as 4.5 
shown in FIGURE 2, the outlet chamber 'll, and there- 
fore the vent 44, are communicated with the outlet Row 
passages 46 and 46' from the heat exchangers through 
the inlet passage S2 and passage 78. 'Thus, operation of 
the apparatus proceeds under the pressure sensitive con- 50 
trol of the accordion member 64 in response to the pres- 
sure in the tank or other region containing the gas and 
liquid mixtures. When the solenoid actuated member 
73 is in its inactive position, how'ever, and the valve mem- 
ber 81 engages the seat 79, communication is blocked 55 
between passage 78 and the outlet chamber 77. There- 
fore, even though the relief valves 34 and 34' are con- 
trolled to establish gas Rov/ to the turbine actuating 
nozzle boxes 36 and 36', the outlet Row of gas from the 
heat exchangers is blocked from the vent 44 and there- co 
fore 'gas ffowthroueh the over-aJi apparatus is prevented 
to render same ino-perable,-. 

From the foregoing, it will be appreciated that the con- 
trol- valve 47 may assume four separal-e eonditioos of con- 
trol of the se.paratfag and gas veniing apparatus. Mom 
particularly, in one condltien as depicted' in FIGURE 2, 
the solenoid actuated v-alve means of the control valve is 
in active venting' position and the pilot valve means is 
opened due to aii excessive tank pressure sensed In the 
control’ pressure chamber _ 63. In this condition of the 70 
control valve 47, the relief valves- 34 and 34' are fespon- ’ 
sively opened to permit pressure relieving gas Ro%v through 
the apparatus to the outlet port 44 In the manner herein-. 
beforc described. 

A second condition of the control valve is illustrated in 73 


active position wherein the valve member 81 is in engage- 
ment with the seat 79 to block communication between 
the outlet chamber 77 and the passage 78, Accordingly, 
despite the pilot valve being in apparatus acllvatiog posi- 
tion, the apparatus is rendered inactive by virtue of the 
solenoid actuated valve means preventing gas Row to 
the vent 44. 

Considering now a single-ended embodiment of liquid- 
gas separating and gas venting apparatus in accordance 
with the invention and which is also somewhat modified 
in further respects from the embodiment hereinbefore 
described, reference is now made to FIGURE 7. As 
shown therein, the separator member is provided as an 
elongated hollow shaft 86 which has a plurality of out- 
wardly extending vanes 87 at longitudmally spaced posi- 
tions thereof which encompass radial gas inlets S3 which 
extend through the shaft wall to its hollow interior 89. 
A perforated shroud or tube 91 is mounted in concentric 
outwardly spaced relation to the shaft 86, and a baRle 
92 is provided between thq shaft and shroud at one end 
thereof while the other end is open to permit the inflow 
of gas and Raid mixture to the annulus between the shaft 
and shroud. The assembly of shaft and shroud is con- 
centrically disposed within a hollow elongated cylindrical 
heat exchanger 93 comprising a Rest of spaced longi- 
tudinally extending tube 94 mounted in an annular array 
between end plates 96 and 97. The tubes extend through 
the end pjates, and a cap 98 is coaxially secured to the 
end plate 97 in such a manner as to deflne an annulus 
99 communicating the tubes 94 extending through this 
end plate. The shaft 86 is journaled centrally of the 
cap 98 at one end while the other end of the shaft ex- 
tends through, and is journaled centrally in the end 
plate 97. The shaft is closed at its end adjacent the cap 
98 and the cap inckides perforations as indicated at 101 
to admit gas and liquid to the annulus between the shaft 
86 and shroud 91. With the shaft in rotation, the liquid 
upon striking the vanes 87 is propelled outwardly through 
ihe shroud perforations Bud through the spaces between 
the tubes 94 of the heat exchanger 93 to Be thereby- re- 
turned to ,a tank or the like within which the apparatiis 
is disposed. Entering gas Rows aroimd the vanes ST Is 
the nvan.ner indk-aied by the setpejitlae-shaf^ii arrows of 
FIGURE 7 and tbrotigh the inlets SS'to the hollow sMIt 
Interior 89/ 

A turbine housing 102 is coaxially seciired to' the end 
plate 97. of the heat exhanger 93 and end openings 103 
from the hollow interior 89 of- shaft 86 commuislca'te- 
with a chamber 104 in the turbine housing. A passage 
106 extends from the chamber 104 to convey gas/ Intro- 
duced to this chamber from the hollow shaft Interior 
89, to a relief' valve 107, subsequently described in de- 
tail, where the gas is divided Into two portions. Om 



S,2d7,T80^ 


9 . ■ 

portion of tbc gas is convc>^d from tbe relief valve to ^ 
first nozzle 108 which exicmls. into a turbine chamber 
109 provided in the housing 102* The other pbriion of 
gas from the relief valve is conveyed lo a second turbine 
nozzle 111 which extends into the turbine chamber 109 § 
in opposed transversely olTset relation io the nozzle 108 as 
best shown in FIGURE 9. Gas is directed from the 
nozzles upon the vanes of a turbine 112 rotatably mount- 
ed within the chamber 109,, thereby effecting rotation of 
the turbine. In the rotatable mounting of tbe turbine, }0 
a shaft 113 is preferably journaled coaxially of the tur- 
bine chamber 109 and extends through a chamber 114^. 
interposed behveen the chamber 109 and the chamber 104, 
and into the latter chamber. A suitable coupling ll€ 
then coujples shaft 113 to hollow shaft 86. The turbine 15 
112 includes an integral sleeve shaft 1 17 which is con- 
centrically rotatably disposed upon the shaft 113 and 
extends into the chamber 114. A magnetic friction clutch 
118 disposed in chamber 114 is provided to couple the 
sleeve shaft 117 of the turbine to the shaft 113. The 20 
tubine 312 is thus coupied in driving relation to the hoi- 
low shaft 86 with the magnetic clutch 118 providing in- 
creased acceleration characteristics of the turbine. 

The gas directed from the turbine nozzles 308 and 111 
is expanded and cooled in driving the turbine 112 and the 25 
hollow^ vaned shaft 86 coupled thereto and the expanded 
cooled gas is channeled from the turbine compartment 109 
to a manifold chamber 139 provided in the housing 102 at 
a position of communication with the tubes 94 extending 
through the end plate 97 from a semi-circular ha?f sector 30 
of the heat exchanger. The expanded cool gas thus flows 
through the tubes of this sector and at the opposite ends 
of these tubes into the annulus 99 which channels the gas 
to the ends of the tubes of the remaining semi-circular 
half sector of the heat exchanger. The opposite ends of 35 
tbe tubes of this latter sector which extend through the 
end plate 97 communicate with a chamber 321 provided 
in the housing 102. The gas is conveyed from this cham- 
ber th.^ough a plurality of inlets 322 which ser%^e to com- 
mtmicate the chamber 114 therewith. The chamber 114 is 40 
communicably coupled to an outlet vent 123 by means of 
a shut-off valve 124, subsequently described in detail here- 
in. Thus, the expanded cool gas from the turbine chamber 
109 makes a dual pass through the heat exchanger 93 to 
therein cool the liquid prcpelled outwardly through the 
heat exchanger from the vanes 87 of the hollow shaft 86. 

The gas is thereafter returned to the turbine housing and 
channeled through the chamber 114 io cool the magnetic 
chitch II8 enroute to the vent 123. 

Considering now the valving arrangement employed 
with the embodiment of FIGURES 7-9, it is to be noted ^ 
that the relief v^alve 167 includes a body 126 having a 
chamber 127 commimicated with the passage 106 for 
conveying the gas received in chamber 104 from the in- 
terior 89 of the shaft 86, A recess 128 is provided in the 
body 126 which communicates with the chamber 127 and 
is provided with a valve seat 129 thereat. A pair of outlet 
ports 130 communicate with the recess 128 in order to 
divide the gas how the.mfroni into the two portions which 
are respectively applied to tlie turbine nozzles 108 and 111. 

A bellows 131 is mounted wathin the. chamber 127 and 
carries a plug: 132 which is engageable with the seat 129 
upon expansion of the bellows and 'is dise:nga,ged from, 
the seat epon- contractioa of the bellow's. ,As m the in- 
stance of the relief valve:s 34 and 34*' of. the cmbt^lrmui of 
FIGURE 2,. expansion and contraction of the fellow^ 131 
of relief valve 107 is controlled by the pressure differeniial 
between the gas acting on the exterior of the bello'ws and 
the pressure inte.riorJy thereof. In the instant embodi- 
ment, the interior pressure of the bellows 131 is con- 
trolled by means of a pilot valve 133 In' a maimet similar 
to that described with respect to the pilot valve means of 
the previous embodiment*. 

The pilot valve 133, as will be best seen from FIG- 
URES 9, and 12 and 13, is arranged to apply tank pressure 75 
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to the Interior of the telkf valve bcllow's 131 when the 
lank pressure is less than a predetermined minjmtim s.afe 
level, and to vent the in terror of the relief valve bellows to 
vacuum or ollief relatively low environmental pressure 
when the tank pressure exceeds the predetermined mini- 
mum. To this end, the pilot valve includes a body 134 
having a control pressure coVnpariment 136 within which 
there, is mounted an accordion member 137. A stem 138 
projects from the accordion member 137 into a pilot 
chamber 139 provided in the valve body and a x^alve clo- 
sure member 141 is secured to the end of the stem. With 
the accordion member 137 in expanded condition, the 
member 141 is in sealed engagement wq'lh an outlet port 
142 communicating with the pilot chamber at a position 
of alignment with the stem 138, as indicated in FIG- 
URE 12. When the accordion member 137 is in contracted 
condition, however, the closure member 141 is disengaged 
from the outlet port 142 as shown in FIGURE 13. In 
addition, the closure member 141 is disposed in closed 
scaling relation to the imerior of a bellows 143 which is 
mounted within the pilot chamber 139 and communicated 
with the control pressure chamber 136, when the accordion 
me.mber 137 is in the contracted position of FIGURE 13. 
However, when the accordion member 137 is expanded, 
the interior of the bellows 143 is ported to the pilot cham- 
. her 139, as indicated in FIGURE 12. Ah inlet port 144 is 
communicated with the control pressure chamber 136 to 
facilitate communicable connection thereof to the tank. 
A pilot port 1.46 is provided in communication with the 
pilot chamber 139 and is connected to the interior of the 
relief valve bellows 131. The accordion member 137 is 
adjusted such that when the tank pressure applied to the 
control pressure chamber 136 through the port 144 is 
greater than a predetermined safe minimum, the ac- 
cordion member is contracted and the closure member 
141 is disengaged from the port 142 and disposed in sealed 
closing relation to the interior of the bellov.'s 143 as showm 
in FIGURE 13. Thus, the interior of the relief valve 
bellows 131 is ported through the pilot port 146 to the 
pilot chamber 139 and this chamber is ported through out- 
let port 142 to a. vent pipe 147 which communicates with 
the vent 123 as best shown in FIGURE 7. The interior 
of the relief valve bellows is thus at this time ported to 
vacuum or other low pressure and the pressure of the gas 
within the chamber 127 of the relief valve hence contracts 
the bellows to disengag^'the plug 132 from the seat 129, 
thereby establishing Row pf gas to the turbine nozzles 108 
and 111. The turbine 112 is thus driven and the appara- 
tus is rendered operable to produce its liquid-gas separat- 
ing and gas venting functions. When the tank pressure 
is below the predetermined safe minimum, this pressure 
acting in chaniber 136 upon accordion member 137 is in- 
sufficient to contract same and, accordingly the accordion 
member is in expanded position as indicated in FIGURE 
12. Tlie closure member 141 is therefore in sealed closing 
engagement with the outlet port 142 and is disengaged 
from the bellows member 143 whereby the pilot chain^r 
139 is commimicated v/ith the chamber 1.36. Tank pres- 
sure consequently exists In the pilot chainber 139 and is 
applied through the pilot port 146 to the interibr of the 
relief valve bellows 131. The pressure of :he gas in tbe 
relief valve chamber 127 acting op the exterior of the 
bellows 131 is insuffident to contract same against the- 
tank pressure existing: in its interior. Accordingly,; the 
relief valx^e bellows .131 is m expaBded position to :se:a|ably 
engage the plug 132 with the seat 129 and prevent of 
gas tO' the turbine nozzles. 10S and 111. Thus, the appam- 
tus is rendered inoperable in the conduct of Its separating:^ ^ 
and gas venting functions. 

Considering now the shut-o-ff valve 124 m greats de-' 
tail, it is to be noted that this valve includes a. bousing 14S 
which is communicated at its upper end with the chamber 
114- and communicated at its lower end with the vent 123 
through a port Including a valve seat 149 facing into the 
vent The shut-Olf valve includes a bellow 151 which 
Is mounted within the housing 148 and has a stem 152 
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projecting there from with a plug 153 at ils end. The plug hy the pilot valve 133 in accordance with the presstire 
is disposed within the vent 123 and is cngageable with , existing within the lank in the manner previously de- 
the seat t49. A spring 154 disposed wilhin the vent acts scribed. More panicidarly, where the tank presspre is 

upon the plug to normally urge same into sealing engage* excessive, the pilot valve 133 effects opening of the relief- 

mem with the seat and ip normally maintain the bellows 5 valve 107 lo thereby actuate the apparatus for gasdiquid 
151 in a contracted condition. . separating and gas venting sendee. Where the tank pres* 

To provide selective opening and closing of the shut* sure is not excessive, the pilot valve effects closure of 
off valve 124, the valving arragnemenl of the embodiment the relief valve to thereby render the apparatus inactive, 
of FIGURES 7“9 is further provided with a control valve Although the present invention has been described hci^- 

156 which is arranged to selectively control the pressure inbcforc wi?h respect to several preferted embodiments* 
within the interior of the bellows 151 between a level it will be appreciated that various variations and ihodih* 
which is overbalanced by the force of the spring 154, cations may be made therein without departing from the 
and a level which overbalances the spring. More par- true spirit and scope of the invent'on, and thus it is not 

ticulatly, with the interior pressure of the bellows 151 intended to limit the invention except by the teruis of the 

relatively low, the force of the spring 154 opposing this 15 foltowung claims, 
pressure is sufficiently large to urge the plug 153 into What is ciainied is: 

sealed engagement with the seat 149. With a relatively 1. A zero gravity separator comprising an annular heat 

high pressure existing within the bellows interior, this exchanger adapted for mounting within the upper regions 
pressure opposes and overbalances the force of the spring of a tank containing a fluid in double*phase liquid and gas 
154 to thus effect expansion of the bellows and movement 20 condition, said heat exchanger having liquid flow passages 
of the plug out of engagement wilh the .seat, thereby port- extending radially therethrough, said heat exchanger hav- 
ing the interior of the housing 143 to the vent 123, Pref- ing gas flow passages extending longitudinally thereof in 

erably, the control valve 1 S 6 is of the soicnoid actuated heat exchange relation to said liquid flow passages and ter- 
variety and includes a valve body 357 having a cylinder minating in a vent pipe adapted for porting exteriorly of 
bore 15S with a piston 159 mounted fcsosolencid actuated 25 said tank, a turbine housing secured to said heat exchang- 
reciprocation therein. A stem 151 projects from the er and having a sealed chamber therein, a turbine journaled 

piston into- a chamber 162 and also extends through a for rotation within 5 .aid chamber, a separator disc co- 
passage 163, in spaced relation to the walls thereof, into axially disposed within said heat exchanger, said disc 

a chamber 164 communicated with the chamber 162 having a plurality of gas inlets extending radially thereof, 

through the passage. Valve seats 166 and 167 are pro* 30 a shaft coaxially connecting said disc and said turbine, 
vided at the opposite ends of the passage 163 which re- said shaft having a longitudinal passage communicating 
spectively face info the chamber 162 and the chamber with the gas inlets of said disc and having a radially ex- 
164. Plugs 163 and 169 are carried by the stem 161 tending outlet spaced therefrom, means defining a relief 

and are respectively engageablc with the seats 166 and valve body in asscciatlon with said turbine housings, 

167. In one solenoid actuated position of reciproca* 35 said valve body having a flow path extending Ihere- 
tion of the piston 159 as determined by appropriate ener*^ through including a valve seat, nozzle means disposed 

gization of solenoids 171 und 172 carried by the body within said turbine housing in communication with one 

157, plug 163 is in engagement with seat 166 while plug end of said flow path through said valve body for dir&ci- 

169 is disengaged from seat 167, as depicted in FIGURE ing gas therefrom into motivating Tclation to said tur- 
10. In another position of reciprocation of the piston, 40 bine, means defining a flow path in sealed rotation permit- 
plug 16S is disengaged from seat 166 while plug 169 is ting relation to said shaft and communicating said cutlet 
engaged w'ith seat 167, as depicted in FIGURE 11. The of the shaft passage with the second end of said flow path 

chamber 162 is provided Nvith an inlet port 173 which through said valve body, a pressure sensitive valve me.m- 

is arranged for communicable connection to the tank, and ber meunted wdlhin said valve body and engageable wdth 
the chamber 164 is provided with an oiulet port 174 said sear, said valve member movable between a position 
which is coupled by means of a vent pipe 176 into com* 45 tn engagement with said seat and a second position out 

munication with the vent 123. The control valve is of engagement therewith in- response to gas pressures in 

further provided with a control port 177 which Is com- said trink respectively less than and greater than a prede- 

municated with the intermediate region of the passage termined pressure, and means commimicr ring the turbine 

163 and is communicated with the interior of the shut- chamber with said gas passages of said heal exchanger, 

off valve bellows 151. Thus, with the control vrdve actu* 50 2 . A zero gravity separator comprising a turbine hqus- 

ated to the position indicated in FIGURE 10, the cham* ing haviiig a sealed chamber therein, a pair of turbines 

ber 162 is blocked from passage 163 while the interior journaled in said chamb^cr for independent coaxial rota- 

of the shut-ort valve bellows is communicated through tion in opposite directions, first nozzle means disposed 

pilot port 177, passage 163, chamber 164, outlet port 174, w ithin said chamber for directing gas upon said first lur- 

and vent pipe 176, with the vent 123. The interior of the 55 bine to efiecc rotation thereof, second nozzle means dis* 
shut-off valve bello%vs is accordingly ported to vacuum or posed within said chamber for directing gas upon said sec* 

other iovv environmental pressure such that the bellows is ond turbine to effect rotation thereof,- means within said 

contracted by the force of the spring 154 and the plug chamber defining a first orifice longitudinany intenned- 

153 is engaged with the scat 149 to thereby block com* ate said first and second turbines in alignment with said 

munication between the chamber 114. and the vent 123. CO first nozzle means to receive gas directed therefrom subse* 
Gas through the apparatus is accordingly prevented quent to driving of said first turbine and direct the gas in 

irrespective of the coiidltidn of the pilot valve 133 as de* driving relalion to said second turbine, means .defining a . 

picted in either of FIGURES 12 and' 13. The appam- second orifice longrmdioally interniediale said^ first and 

tus Is, accordingly.,, locked In ap inactive state. ■ With the second tiiVbincs in aligned, .relation with said second nozde 

piston: 259 of the control valine actuated^ to t.he posilion 0.5 means for r'C''.celvl,Dg gas directei therefrom siibseqiieht Id' 
depicted in FIGURE 11, however, the chamber 164 is driving of said second torbrne and directing the gas into- 

blocked from communication with the passage 1.63, ar.d driving .relation to sa.id first turbine, first and second auQU- 

tank pressure is applied through the irdet port 173, cham- far heat exchangers secured to said turbine housing re- 

..:ber 162, passage 163, -and control port 177 to the mte rior spe.ctively in coaxially ouiw^ardl’y spaced' mtation to said 

of the' shut-off valve bellows 131. The lank pressure at # 0 first and second turbines, said first and second heat ex- 
the interior of the beHows is sufficient to overbalance changers each having liquid flow passages extending radi* 

the force of the spring 154 to thereby disengage the plug ally therethrough and gas flow passages extending longU 

153 from the seat .149 and thereby comniurricatc the tudinally thereof in, heat exchange relation with said 

chamber 1 14 with the vent 123. In this condllicn of liquid flow passages, first and second separator discs ne* 

the control valve, operation of the apparatus is controlled 75 spectively coaxially mounted for rotation writhin said 
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first and second heat exchange?^, said first and second chamber for engagement with said seat Ihcrem, SQid pres- f 

discs respectively, having' radially extending gas inlets, sure sensing accordrofi member niovablc between first _ .f 

first and second shafts respectively coaxially connecting and second positions wherein said closure member^ is | 

said first disc and said first turbine and said second disc engaged with and disengaged from the seat in said pilot j 

and said second turbine, said first and second shafts re- chamber respectively in respond to pressures in said con- j 

spectivcly having longitudinal passages commumcating trol pressure chamber less than and greater than said pre- j 

with the gas inlets of said first and second discs and hav- determined pressure, said pilot chamber, said control pres- i 

ing gas outlets intermediate said first disc and first tur- sufe chamber, said outlet passage, said pilot port, said f 

bine and interniedale said second disc and said second inlet port, and said accordion member with closure mem- j 

turbine, means defining a fiVst flow passage in sealed ro- jq ber connected thereto thereby comprising said pilot valve f 

tatioh permitting relation to said first shaft and com- means, said control valve body having an outlet chamber | 

muhicating the outlet thereof with said first nozzU means. communicated with said outlet vent and an inlet passage | 

means defining a sedond flow path in sealed rotation per- communicating the gas passages of said first and second { 

mining relation to said second shaft and communicating heat exchangers with said outlet chamber, said outlet I 

the outlet thereof wdth said second nozzle means,- a third 15 chamber having a valve seat at the termination of said { 

flow , path communicating a region of Said chamber ad- inlet passage therein, a solenoid actuatable piston mounted j 

jacebf said second turbine and said first orifice with said for reciprocation in said control valve body arid having I 

gas' passages of said second heat exchanger, a fourth flow a closure member connected thereto respectively engaged { 

path cbmmunicating a region of said chamber adjacent with and disengaged /rom said seat in said outlet chamber | 

said first turbine and said second orifice with said gas 20 in response to reciprocation of said piston between first • j 

passages of said first heat exchanger, and means com- and second positions, and solenoid means for selectively | 

municating the gas passages of said first and second heat reciprocating said piston between ^*d first and second 1 

exchangers with an outlet vent. j>ositions^ , . J 

3. A zero gravity separator according to claim 2', 7. A zero gravity separator comprising an elongated I 

wherein said first and second turbines are journaled in 25 hollow cylindrical heat exchanger adapted for mounting : 

bearings within said chamber and means defining flow within the upper regions of a lank containing a fluid In = 

paths between said first and second orifices and said double-phase liquid and gas condition, said heat exchanger i 

bearings for gas cooling the latter. having a plurality of iongitudinally extending gas flow 

4. A- zero gravity separator according to claim 2, passages with the passages of one semicircular half sector " 

further defined by a first relief valve body carried by 30 of the heat exchanger communicated at one end with the " 

said iurbine bousing and including a valve chamber and passages of the ether half sector of the heat exchanger - 

inlet and outlet passages communicating said first flow to thereby circulate gases in one longitudinal direction ^ 

path and first nozzle means through said chamber, said through the first half sector of the heat exchanger and J 

outlet passage of said valve body including a valve seat, then in the opposite longitudinal direction through the ’ | 

an accordion valve member moimied within said valve 35 second half sector of the heat exchanger, said heat ex- I 

chamber for expansive and contractive movement into changer having liquid flow passages extending . radially . | 

and out of engagement with said seat, a second relief therethrough, a hollow shaft journaled for rotation co- 1 

valve body carried by said turbine housing having a axially within said heat exchanger with one end of the | 

sealed chamber and inlet and outlet passages communicat- shaft being closed and the other end being opened to 

Ing said second flow path and said second nozzle means 40 define a flow path longitudinally therethrough, said shaft 

through said chamber, said outlet passages of said second having a plurality of longitudinally spaced outwardly ex- 
valve body having a valve seat, a second accordion valve tending vanes encompassing radial gas inlets eommuni- 

member mouQtedVidtbm said chamber of said second valve cated with said flow path, said shaft upon rotation pro- 
body for expansive and contractive movement into and pelling liquid introduced to the hollow interior of said 

out of engagement with said seat of said outlet passage 4,3 heat exchanger from said tank outwardly through said 

thereof, and pilot valve means coupled to .the interiors of liquid flow passages for return to said tank and qhan- 

said first and second accordion valve members for se- neling gas introduced to the hollow interior of the heat 

leedvely controlling the pressures tlierein betw-een levels exchanger through said gas inlets of said shaft to the flow 

greater than and less than the pressure of gas in the cham- path extending longitudinally thereof, a turbine coaxially 

bers of said first and second valve bodies. 50 connected in driving relation to said shaft to effect said 

5. A zero gravity separator according to claim 4, fur- rotation thereof, means communicating wnth said flow path 

ther defined by ;aid turbine hou.sing and said first and of said shaft for directing gas therefrom into motivating 

second heat exchangers being contained within a closed platlon to said tmbioe, said gas being expaaded and cooled 

tank and said out er vent being ported exteriorly of said in motivating said turbine, means channeling expanded 

tank, and by said pilot valve means communicating the 55 gas from said* turbine to said gas passages of the first 

interiors of said first and second rccordion valve mem- half sector of said heat exchanger, and means for ve.it- 

bers with said outlet vent and the in;erior of said tank re- ing the gas passages of the second half sector of said 

spectiveiy in response to pressures in said tank greater heat exchanger exteriorly of said tank, 

than and less than a predetermined pressure. 8. A zero gravity separator according to claim 7, further 

e. A zero gravity separator according to claim 5, fur- go.. by magnetic -Irktion clutch means coupling said ^ 

ther defined by a control valve body having a pilot cham- turbine to said shaft, and means for channeling gas from 

ber and a control pressure chamber communicated through the gas ^ssagts of said, second half sector of said heat 

a lea.k passage, said control valve body h.a,vl.ng a pilot . exchanger inm- cooling rela.lion to said . clutch ' means 

port communicat.ing. with said pilot eba-rnber and coupled . prior fo- venting of said gas.. " , 

to the interiors of the Mm md second, sccordion valve A zeto^gravlty separator: ■accordi.hg t 0 c|3.iin. 7,. 

members in the chambers of said, first and second relief . ther defined by a relief valve co^mnmn.icatmg. said Mom. 

valve bodies, said control valve body having an outlet path of said shaft with said turbine, said relief valve in- 

passage comm unlcaling said pilot chamber with said out- eluding an accordion vaiye member for blocking corn- 

let vent and a valve 'seat in the pilot chamber at the' moalcation between the flow path and turbine in response 

entfance of said outlet passage, said control valve body 70 to expansion of the m.emb.er and establlsMog^ commtinica*^ 

having an inlet port communicating said control pressure tion between said flow path of said shaft and said turbine 

ch^ber With the interior of said tank, a pressure sens- iu response to contraction of the accordion, member; 

ing accordion member mounted in said control pressure and a pilot valve including a pilot port connected to the 

chamber, a closure member connected to said pressure interior of said accordion member of said relief valv^, 

sensing accordion member and disposed in said pilot 75 said pilot valve having an outlet port communicated with 
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said vent and an inlet port adapted for commimicatiofi 
With said tank, said pilot valve opeJ'aWe to comnidnicate 
the inlet and pilot ports thereof in response to pressures at 
the inlet port less than a pre’determined pressure and to 
communicate the outlet and pilot ports thereof in response 
to pressures at the inlet port greater than said predcler- 
mined pressure. 

10. A zero gravity separator according to claim 9, 
further defined by a shut-off valve communicating the 
gas flow passages of said second half sector of said heat 
exchanger with said vent, said shut-off valve including an 
accordian valve member for establishing communication 
between the gas flow passages of the second half sector 
of the heat exchanger and said vent upon expansion of 
the shut-off valve accordion member in response to rela- 
tively high pressure in the interior thereof while blocking 
communication between the gas flow passages of the sec- 
ond half sector of said heat exchanger and said vent upon 
contraction of the shut-off valve accordion member in 
response to relatively low pressure in the interior thereof, 
and control valve means for selectively porting the in- 
terior of said shut-ofif valve accordion member to said 
tank and said vent respectively to thereby establish said 
relatively high and low pressures therein. 

11. A zero gravity separator comprising a turbine 
housing adapted for mounting within the upper regions 
of a tank containing fluid in double-phase gas and liquid 
cpndiiion, said turbine housing having first, second and 
third chambers therein sealed from each other and co- 
axially aligned, said housing having an inlet flow passage 
communicating with said second chamber and first and 
second outlet flow passages respectively communicating 
with said first and second chambers, a turbine journaled 
for rotation coaxially within said first chamber, first and 
second turbine nozzles disposed at diametrically op- 
posed positions of said first chamber adjacent said 
turbine, a hollow elongated cylindrical beat exchanger 
coaxially secured to said turbine housing adjacent 
said third chamber thereof, said heat exchanger having 
longitudinal gas passages with the gas passages of a 
first semicircular half of the heat exchanger communi- 
cating at a first end thereof v/iih said first outlet passage 
of said turbine housing and the gas passages of the sec- 
ond semicircular half of the heal exchanger communica- 
ting at the first end thereof with said inlet passage of said 
turbine housing, said gas passages of said first half of said 
heat exchanger communicated w^ith the gas passages of 
said second half of said heat exchanger at the second ends 
thereof, said heat exchanger having liquid pa^^sages ex- 
tending radially therethrough in heat exchange relation 
with said gas passages, a hollov/ shaft coaxially disposed 
within the hollow interior of said heat exchanger and 
journaled for rotation between the opposite ends thereof, 
said shaft closed at the second end of heat exchanger and 
communicatihg at the. first end of said heat exchanger 
with said third chamber of said turbine housing, said 
shaft having a plurality of longitudinally spaced out- 
wardly extending vanes encompassing radial gas inlets 
communicating with the hollow shaft interior, said shaft 
upOfi rotation thereby propelling liquid outwardly 
through said liquid passages of said heat exchanger and- 
channeliBg gas into said gas inlets to the hollow shaft In- 
terior lor passage to the third chamber of said turbine 
housing, a magnetic friction clutch disposed within said 
second chamber of said turbine housing and coaxially 
coupling said turbine to said’ shaft, and a vent adapted for 
positioniBg exteriorly of said tank and communicably 
conoected to said second outlet passage of smd turbine 
housing, said turbine housing having a flow path com^ 
muaicaling said third chamber and said turbine nozzles, 
whereby fluid enlering the hollow interior of said heat 
exchanger is separated by said shaft with the liquid being 
propelled outv/ardly through the liquid passages of said 
heat exchanger and the gas being channeled through the 
hollow interior of said shaft to said third chamber of 
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said turbine housing, said gas is directed from said third 
chamber to said turbine nozzles and emanates therefrom 
to drive Slid turbine %vb]ch in turn effects rotation of said 
shaft whi?e the gas expands and is cooled in driving said 
5 turbine, the cooled gas is directed from the first chamber 
of said turbine housing through the gas passages of said 
heat exchanger to thereby coo! the liquid directed through 
the liquid passages thereof, the gas is directed from the 
gas passages of the beat exchanger to the second chamber • 
j 0 of said turbine housing to therein cool said clutch, and 
is directed from the second ebamber to said vent for port- 
ing exteriorly of said tank. . 

12. A zero gravity separator according to claim 11, 
further defined by a relief valve body carried by said tur- 

15 bine bousing and having a relief valve chamber with com- 
municating inlet and outlet passages, said outlet passage 
of said relief vak^'e body having a valve seat, said inlet 
and outlet passages of said relief valve body respectively 
communicated with said third chamber of said turbine 
20 housing and said turbine nozzle, an accordion valve mem- 
ber mounted within said relief valve chamber and ex- 
pansively movable into engagement wnih said seat and 
contractibly movable out of engagement therewith, a pilot 
valve body carried by said turbine housing having a pilot 
25 chamber and a control pressure chamber, said pilot valve 
body having an outlet port communicating said pilot 
valve chamber with said vent and a pilot port communi- 
cating the pilot valve chamber ^vilh the interior of the 
accordion valve member disposed in said relief valve 
so chamber, said pilot valve body having an inlet port for 
communicating said control pressure chamber with said 
tank, accordion valve means mounted within said control 
pressure chamber for movement between a first position 
wherein said control pressure chamber is communicated 
-with said pilot chamber and said outlet port is closed and 
. a second position wherein communication between said ‘ 
control pressure chamber and said pilot chamber is 
blocked and said outlet port is open, said accordion valve 
means movable to said first position in response to pres- 
sures in said control pressure chamber le^s than a pre- 
determined pressure and movable to said second position 
in response to pressures in said control pressure chamber 
in excess of said predetermined pressure, a sbut-ofl valve 
body carried by said turbine housing having a shut-off 
45 valve chamber with an inlet passage communicating with 
said second chamber of said turbine housing and an out- 
let passage communicating with said vent, said outlet 
passage of said shiu-off valve housing including a seat, 
an accordion valve member disposed within said shut-off 
50 valve chamber for contractive movement into engage- 
ment with said seat and expansive movemeat out of en- 
gagement therewith, a control valve body carried by said 
turbine bousing having an inlet port, an outlet port, and 
a pilot port, said inlet port of said control valve body 
55 adapted for communication with said tank, said outlet 
port of said control valve communicated with said 
vent, and said pilot port of said control valve body com- 
municated v/ith the interior of the accordion member 
disposed wiihln said shut-off valve chamber, a solenoid 
00 actuatable piston within said contoi valve body movable 
between a first position establishing communication be- 
tween said: pilot port and said outlet- port and a second 
position esiablishing cpmrstinkation betw^een said pilot 'c 
part and said inlet port, and solenoid means associated^ ■ 
05 with said control vahc'. boily for .selectively actB.allag. .saM 
piston.. ■ ^ 

13, A zero gravity separator comprising hollow cylia- ^ 
drlcal heat exchanger means adapted for mounting wlthiii 
the upper regions of a tank contain in g a fioM In double- 

70 'phase liquid and gas condiiion, said heat exchanger mea.ns 
having liquid flow passages extending radially there- 
through, said heat exchanger means having gas flow 
passages prtending longiludmally thereof In heat ex- 
change relation to said liquid flow passages and com- 
75 municaiisg with a vent for disposition exteriorly of said 
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taak; separalor nieaas Including at least one separator- 
eminent mounted for rotation coaxially within said heat 
exchanger means, each separator element being adapted 
to propel liquid introduced from said tank to the hollow 
interior of said heat exchanger means radially outward 5 
through said liquid flow passages in response to rdlatioh 
of the element, each separator element having circam- 
ferentiaily disposed gas inlets extending inwardly into 
communication with a common gas flow path- for receiv- 
ing gas introduced from said tank la the hollow interior jq 
of said heat exchanger means; a turbine connected in 
driving relatibn to each separator element to effect said 
rotation thereof; flow means communicating with said 
flow path of each separator element for directing gas , 
therefrom into motivating relation to said turbine con- 15 
liected thereto, said gas being expanded and cooled in 
motivating said turbine; valve means in operable rela- 
tion to said flow means for permitting flow therethrough ' 
in response to pressures in said tank in excess of a pre- 
determined pressure and blocking flow through the flow 20 
means in response to pressures in said tank less than said 
predetermined pressure;, and means for channeling ex- 
panded gas from said turbine to said gas passages of said 
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heat exchanger means, said gas thereby cooing said liquid 
returned to the tank through the liquid passages of said 
heat exchanger means prior to venting of the gas ex- 
teriorly of the tank. 

14. A zero gravity separator according to claim IS, 
further defined by said valve means indudirg control 
means for selectively opening and closing communicalioii 
between said gas passages -of said heat exchanger means 
and said venh 
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